Abstract. The current study presents the case of a 9-year-old Chinese boy who presented with eosinophilia and elevated serum levels of immunoglobulin G4 (IgG4). A bone marrow puncture identified an elevated eosinophil rate of 23% (normal range, <5%), which indicated eosinophilia. However, gene analysis, fluorescent in situ hybridization and other examinations, including bone marrow aspiration, blood routine, auto-antibody tests and parasitic and allergens screening, contradicted a diagnosis of secondary or clonal eosinophilia. Furthermore, the patient exhibited multiple lymph node swelling and a lymph biopsy strongly indicted a pathological diagnosis of IgG4-related disease (IgG4-RD). His peripheral blood flow cytometry confirmed an elevated count of plasmablasts, which is specific to IgG4-RD. The patient responded well to therapy with prednisone and remained healthy in all follow-ups. By taking all these factors into consideration, the boy was diagnosed with IgG4-RD. It is difficult to distinguish IgG4-RD from hypereosinophilic syndrome and the potential association between the two remains unclear. However, the present case study serves as a reminder that IgG4-RD may occur in children and medical professionals should not neglect this possibility.
Introduction
Hypereosinophilic syndrome (HES) is defined as the presence of a peripheral blood eosinophil (PBE) count of ≥1.5x10 9 /l for at least 6 months [a shorter duration is acceptable in the presence of symptoms that require eosinophil (EOS)-lowering therapy] with clinical end-organ damage (1). The age-adjusted incidence rate of HES was ~0.36 per 1,000,000 people between 2001 and 2005, according to the Surveillance, Epidemiology and End Results database (2) . HES may be divided into three subtypes, namely primary (clonal), secondary (reactive) and idiopathic eosinophilia (IHES), according to its pathogenesis (1) . Numerous diseases may cause secondary eosinophilia, including infection (particularly by tissue-invasive parasites), allergy/atopy, hypersensitivity, drug reactions and collagen-vascular disease (3, 4) . Control of the primary disease is therefore essential for the treatment of secondary eosinophilia. Furthermore, the evaluation of a primary bone marrow disorder should be conducted if secondary causes of eosinophilia are excluded (5) . Screening for factor interacting with PAPOLA and CPSF1 (FIP1L1)-platelet-derived growth factor receptor (PDGFR) A using fluorescent in situ hybridization (FISH) or polymerase chain reaction (PCR) and cytogenetic analysis for reciprocal translocations involving 4q12 (PDGFRA), 5q31-33 (PDGFRB), 8p11-12 (fibroblast growth factor receptor 1; FGFR1) or 9p24 (janus kinase 2; JAK2) are necessary for the diagnosis of primary eosinophilia (5) . However, IHES is a diagnosis made when the possibility of secondary and primary eosinophilia are excluded (5) . Lymphocyte-variant HSE is a subtype of primary eosinophilia characterized by an abnormal T-cell population (6) . Imatinib is a recommended treatment for patients exhibiting rearrangements of PDGFRA or PDGFRB (7, 8) and corticosteroids are the first-line therapy for patients with lymphocyte-variant hypereosinophilia and IHES (5, 9) . Interferon-α targeted antibodies and hydroxyurea, as well as other chemotherapies, may clinically benefit patients with primary eosinophilia that have variable response durability (10) (11) (12) .
Immunoglobulin G4 (IgG4)-related disease (IgG4-RD) is a recently defined clinical illness that is characterized by tissue infiltration by IgG4-positive plasma cells and/or elevated serum IgG4 concentration alongside chronic inflammation and primarily affects middle aged or elderly men (13) . Additionally, IgG4-RD encompasses a variety of conditions, including Mikulicz's syndrome, chronic sclerosing sialadenitis, hypophysitis, Riedel thyroiditis, inflammatory artificial tumors, chronic interstitial pneumonitis, interstitial nephritis, autoimmune pancreatitis, retroperitoneal fibrosis, sclerosing cholangitis, sclerosing cholecystitis, prostatitis and lymphadenopathy (13) .
However, the pathogenesis, diagnostic criteria and role of increased serum IgG4 remain controversial (14) .
The present study reported the case of a 9 year-old Chinese boy who presented with eosinophilia and elevated serum levels of IgG4. Following systematic evaluation, he was diagnosed with HES and IgG4-associated disease. Corticosteroids were administered for treatment and were proven to be effective and the patient remains asymptomatic.
Case report
A 9-year-old Chinese boy was admitted to the Hangzhou First People's Hospital (Hangzhou, China) due to suspected leukocytosis and eosinophilia for ~1 week on July 17, 2015. The appropriate examinations were performed in the hospital and written informed consent was obtained from the patient's family. The results of a routine blood test identified an abnormal EOS count of 7.01x10 9 /l (normal range, 0.02-0.52x10 9 /l). A high erythrocyte sedimentation rate (64 mm/h; normal range, 0-15 mm/h), high IgG (41.8 g/l; normal range, 6.09-12.85 g/l) and high IgE (1,755.5 kU/l; normal range, <87 kU/l) counts were also observed. However, the IgA (1.84 g/l; normal range, 0.52-2.16 g/l) and IgM (2.33 g/l; normal range, 0.67-2.48 g/l) counts were within the normal ranges. An upper abdominal B ultrasonography identified multiple peripancreatic hypoechoic nodules. Furthermore, an ultrasound of the mesenteric lymph nodes revealed multiple mesenteric lymph nodes, some of which were enlarged. However, the echocardiography was normal. A bone marrow puncture identified an elevated EOS rate of 23% (normal range, <5%), which indicated eosinophilia. The boy was permitted to leave the hospital when the EOS count was reduced to 2.94x10 9 /l following therapy with anti-allergic drugs administered orally (4 mg chlorphenamine maleate three times a day for 1 week and 4 mg singulair per day for 1 month) and oral antiparasitic drugs (zentel, 200 mg per day for 3 days). The boy had no history of allergies, contact with pets or stay in an epidemic area and he did not have a fever, cough, expectoration, abdominal pain or diarrhea.
On March 31, 2016, the patient was admitted to the hospital again due to long-term eosinophilia and right posterior auricular lymph node swelling. A physical examination identified enlargement of several peanut-sized lymph nodes in the retroauricular region and on both sides of the neck. The nodes were homogeneous, smooth-surfaced, mobile and not tender. A routine blood examination indicated an increased EOS count of 12.6x10 9 /l compared with that detected previously and high IgE (875.3 kU/l), IgG (43.9 g/l) and IgG4 (14.2 g/l; normal range, 0.03-2.01 g/l) counts. Allergic source tests identified an allergy to house dust mites due to elevated IgE (IgE; 16.26 kU/l; normal range, <0.35 kU/l). A T-SPOT test for tuberculosis and the results of autoantibody tests [including anti-laminoid antibody, anti-nucleosome antibody, anti-Ro52 antibody, anti-PM-Scl antibody, anti-Scl-70 antibody, antinuclear antibody, anti-Sm antibody, anti-SSB antibody, anticardiolipin antibody (IgA, IgG and IgM), anti-actin antibody, anti-PCNA antibody, anti-centromere antibody, anti-ribosomal P protein antibody, anti-mitochondrial (M2) antibody, anti-Jo1 antibody, anti-U1-nRNP antibody, anti-SSA antibody, anti-histone antibody and anti-double stranded DNA antibody tests] were all negative. Superficial lymphadenopathy B ultrasonography identified several smooth-surfaced hypoechoic nodules with irregular shapes in the bilateral neck (the largest one being 3.2x1.2 cm). A magnetic resonance imaging examination of the head displayed abnormal signals in the right thalamus, possibly indicating an eosinophilic granuloma. A lung computed tomography (CT) scan identified several small nodules in the right lung and an upper abdominal CT scan detected abnormal lesions in the left liver and spleen.
The patient subsequently underwent a cervical lymph node biopsy. All specimens were fixed in 4% buffered formalin at room temperature (37˚C) for 24 h and added to paraffin-embedded blocks. Sections were cut to a thickness of 4 µm and stained using hematoxylin and eosin (H&E). Following washing, sections were soaked in hematoxylin for 5 min at 37˚C, washed with water, then subsequently washed with hydrochloric acid alcohol for 30 sec and then with water for 5min at 50˚C. Finally, sections were stained with eosin for 2 min at 37˚C. EOS, plasma cells and macrophages were counted in 10 random high power fields of view using a light microscope at a magnification of x400). The EOS was identified following H&E staining. Plasma cells and macrophages were identified by H&E staining combined with staining for cluster of differentiation (CD)138 (cat. no. EP201; 1:300) and CD68 (cat. no. KP1; 1:100), respectively. The number of IgG+ and IgG4+ cells were counted from 10 different high-power fields of view (magnification, x400). The quantification of cells was conducted manually using 10 high power fields, and 100 cells were counted for every HPF. The percentage of cells was then calculated. Histomorphological results were replicated three experienced pathologists. The pathological results identified high EOS infiltration (>80% infiltrating cells) in the lymph nodes (Fig. 1A) . The infiltrate also contained CD138+ plasma cells (<20% infiltrating cells; Fig. 1B ) and a small number of multinucleate giant cells (<2% infiltrating cells). However, no clear lymph node fibrosis as detected using H&E, was observed.
Immunohistochemical analysis of the patient's cervical lymph node was then conducted. Samples were fixed in 4% paraformaldehyde-0.1 mmol/l phosphate buffer at 4˚C for 24h and then underwent paraffin blocking and were cut to a thickness of 3 µm. Sections were then place in water at 40˚C, picked up using glass slides and dried using an incubator at 37˚C for 8 h). Glass slides were then washed with 100% xylene and rehydrated in descending alcohol series (100, 95, 90, 80 and 70%) for 10 min each. Samples were washed using water and 3% H 2 O 2 for 10 min. Following this, citrate buffer was added, heated for 3 min until boiled and cooled to room temperature. This temperature protocol was then repeated. The citrate buffer was removed and the samples were washed with water twice and subsequently washed with PBS for 5 min. Samples were then added to 10% goat serum (cat. no. C-0005; Jiangxi Haoran Bio-Pharma Co., Ltd., Jiangxi, China; dilution by PBS) for 10 min at 37˚C. Primary antibodies were subsequently added and incubated for 1 h at 37˚C. Samples were then washed three times with PBS for 5 min. Horseradish peroxidase conjugated secondary antibodies were added (1% BSA-PBS dilution) and incubated for 30 min at 37˚C. Samples were then washed three times with PBS for 5 min. DAB was then applied for 1 min and observed using a light microscope (magnification, x400). Immunohistochemical analysis was performed using an automated Benchmark XT slide stainer (Ventana Medical Systems Inc., Tucson, AZ, USA). The following antibodies were used in this analysis: CD2 (cat. no. UMAB6; 1:100), CD3 (cat. no. SP(F); 1:100), CD5 (cat. no. UMAB9; 1:100), CD20 (cat. no. L26; 1:200), CD79a (cat. no. SP18; 1:200), CD138 (cat. no. EP201; 1:300), IgG (cat. no. RA; 1:3,000), IgG4 (cat. no. RA; 1:3,000), Ki-67 (cat. no. UMAB107; 1:100). All antibodies were purchased from Dako; Agilent Technologies, Inc. (Santa Clara, CA, USA). Expression intensity was determined with a scoring system based on the immunoreactive score (IRS) system proposed by Kay et al (15) using 5 random fields of view (magnification, x200). The point system was based on staining strength and was as follows: i) 0 points for no staining; ii) 1 point for a light yellow stain; iii) 2 points for medium yellow or brown appearance without background staining or a deep brown stain with light brown background and iv) 3 points for a deep brown appearance without background staining. The percentage of positive cells was then calculated using 5 random fields of view with a light microscope (magnification, x40) and points were allocated based on their values: i) 0 points for 0% positive cells; ii) 1 point for 0-25% positive cells; iii) 2 points for 25-50% positive cells; iv) 3 points for 50-75% positive cells; and v) 4 points for >75% positive cells. The points allocated from staining strength and the percentage of positive cells were added together. Final scores of 0, 1-3, 4-5 and 6-7 were deemed negative (-), weak (+), focal (++) and strong (+++), respectively. Thus, the results of immunohistochemistry were as follows: CD2 focal (++); CD3 focal (++); CD5 focal (++); CD20 focal (++); CD79α focal (++); S100 focal (++); CD1α focal (++); CD68 focal (++); CD13 weak (+); CD34 (-); myeloperoxidase weak (+); CD138 focal (++); IgG focal (++); IgG4 focal (++); IgG4/IgG=50% (Fig. 1C and D) .
Peripheral blood flow cytometric analysis was then performed. All analyses were performed according to standard techniques using a FACS CantoTM II (BD Biosciences, Franklin Lakes, NJ, USA). The panel of fluorochrome conjugated monoclonal antibodies presented in Table I (mAbs; dilution: 1:2) were utilized to diagnose and classify each cell group, including lymphocytes. A total of 100 µl peripheral blood was obtained from the patient. The sample was stained with 1 test mAb for each marker (20 µl mAbs conjugated to FITC/PE; 5 µl, all other mAbs) and then incubated for 20 min at room temperature in dark. A total of 1 ml of 1xBD FACS Lysing solution (cat. no. 349202; BD Biosciences) was added and cell suspensions were washed once with PBS. Cells were vortexed at a speed of 850 x g for 5 min at 37˚C. Cells were then washed once with PBS and pellets were resuspended in 300 µl PBS. A total of 500 µl 1X Permabilizing Solution 2 (cat. no. GAS002S100; Invitrogen; Thermo fisher Scientific, Inc.) were added to the cell pellet for the staining of intracellular antibodies and then incubated for 10 min at room temperature in the dark. Following incubation, cells were centrifuged at a speed of 850 x g for 5 min at 37˚C. MPO and cCD79a were subsequently added to the cell pellet and incubated for 20 min at room temperature in the dark. Samples were then analyzed using a flow cytometer (FACS CantoTM II; BD Biosciences) with Cell Quest soft (BD Biosciences; version 5.1) software. The results confirmed that the rate of EOS was increased (48.9%; normal range, 0.4-8.0%).
An analysis of the patient's genes was then conducted. For all genes analyzed. RNA was extracted from patient heparinized blood using an OMEGA Blood RNA Maxi kit (Omega Bio-Tek, Inc., Norcross, GA, USA). cDNA was constructed via reverse transcription using random ligomer Primers (6 mer; Takara Biotechnology Co., Ltd., Dalian, China) and cDNA synthesis was performed using a PrimeScript™ RT reagent kit (Takara Biotechnology Co., Ltd.) following the manufacturer's protocol. Quantitative-polymerase chain reaction (qPCR) was then performed using a 20 µl system, containing 16 µl Tables II and III respectively. PCR products were separated by electrophoresis using 2% agarose gel. Products were analyzed using the Bio-Rad ChemiDoc XRS+ Gene Genius Bio-imaging system (Bio-Rad Laboratories, Inc., Hercules, CA, USA). PCR products were subsequently separated by electrophoresis using 2% agarose gel. Products were analyzed using the Bio-Rad ChemiDoc XRS+ Gene Genius Bio-imaging system (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The appearance of specific amplification strips relevant to each gene indicated a positive result. These were as follows: i) BCR/ABL: b3a2, 360 bp, b2a2 and 285 bp; ii) JAK2-V617F: 203 bp and 364 bp; iii) FIP1L1/PDGFRA: 700 bp; iv) ETV6/PDGFRB: 700 bp.
The results of the gene analysis were negative for janus kinase-V617F, breakpoint cluster region protein/abelson murine leukemia viral oncogene homolog 1 fusion, PDGFRA/retinoblastoma protein and ETV6/PDGFRB.
A two-color fluorescence in situ hybridization (FISH) was then performed for the detection of a CHIC2 deletion, acting as a surrogate marker for the FIP1L1-PDGFRA fusion gene at 4q12. Patient peripheral blood was sampled and 24010 (telomeric of PDGFRA), 3H20 (between FIP1L1 and PDGFRA) and Bacterial artificial chromosome (BAC) clones 120K16 (centromeric of FIP1L1) were used as probes (Abbott, 05N52-020). For PDGFRB and FGFR1, the probe was from Abbott (06N24-010) and CYTOTEST (CT-PACO56-10-GO) respectively. FISH data were collected using an Olympus fluorescence microscope (Provis, Olympus Corporation, Tokyo, Japan) and analyzed using ASI-fishview expo 6.0 analyze system software (Applied Spectral Imaging, Inc., Carlsbad, CA, USA). The results demonstrated that there was a negative expression of PDGFRA/RB-and fibroblast growth factor receptor 1.
Cytokine measurements were then obtained from the patient. IL-1β (cat. no. KT98060), IL-6 (cat. no. kt34251), IL-8 (cat. no. KT98090), IL-10 (cat no. KT98105), TNF-α (cat. no. KT98069) were measured (all kits were sourced from Bender MedSystems, Burlingame, CA, USA) using a Siemens Immulite ® 1000 (Siemens Healthineers, Erlangen, Germany). The results identified increased levels of interleukin (IL)-6 (38.3 pg/ml; normal range 0-3.4 pg/ml), tumor necrosis factor-α (TNF-α; 26.3 pg/ml; normal range 0-8.1 pg/ml), IL-1β (27.7 pg/ml; normal range 0-5 pg/ml) and IL-8 (620 pg/ml; normal range 0-62 pg/ml). IL-10 levels were <5 pg/dl (normal range 0-9.1 pg/dl). The peripheral blood flow cytometric analysis also detected CD19 low CD38+CD20-CD27+ plasmablasts at 4,110/ml (positive predictive value, >2,000/ml). Following therapy with 20 mg prednisone per day for one week, blood tests were performed twice a week at the hospital until the patient's EOS count was reduced to 5.3x10 9 /l. Following this, the patient was discharged. There after, prednisone treatment was gradually decreased and stopped after 6 months. This consisted of 20 mg for first 2 weeks, 15 mg for the following month, 10 mg for the months after that and 2.5 mg per month for the remainder of the treatment period. The clinical course and concomitant EOS count, IgG4 levels and response to prednisone therapy are demonstrated in Fig. 2 . Additionally, a comparison of abdominal CT scans obtained pre-and post-treatment is depicted in Fig. 3 . A clinical follow-up was conducted every week during the first 2 months, which included routine blood analysis, routine blood biochemical tests, IgG and IgG4 tests PCR, polymerase chain reaction; BCR/ABL, breakpoint cluster region/Abelson murine leukemia viral oncogene homolog 1; JAK2-V617F, janus kinase 2-V617F; FIP1L1/PDGFRA, factor interacting with PAPOLA and CPSF1/platelet-derived growth factor receptor alpha gene; ETV6/PDGFRB, ets variant gene 6/platelet-derived growth factor receptor beta gene.
and an abdominal and superficial lymph node ultrasound. An additional follow-up was conducted twice a month during the period of prednisone treatment, which consisted of the same tests conducted in the first 2 months, with the addition of an abdominal CT scan. The patient then received a follow-up every 3 months, which included a systemic examination, blood tests and imageological examination if necessary. The last follow-up was conducted in July 2017 and the boy remains asymptomatic.
Discussion
The patient initially visited Hangzhou First People's Hospital due to increased levels of EOS and leukocytosis. An allergen test identified an allergy to dust mites. Despite the decrease in EOS count following desensitization therapy, it is unlikely that the patient's condition was solely due to a dust mite allergy that lacked systemic symptoms such as a cough, skin rash or other related reactions. Recurrence of increased EOS count was observed, along with multiple organ infiltration of EOS', which could not be explained by an allergic reaction. The possible diagnoses of clonal eosinophilia and lymphatic variation eosinophilia were excluded according to the results of peripheral blood flow cytometry, gene analysis and FISH. The patient was also treated with antiparasitics but treatment was not effective. Thus, secondary eosinophilia caused by parasites or drugs was excluded. A lymph node biopsy identified infiltration of EOS, which indicated a diagnosis of HES. However, the patient exhibited high levels of IgG4 and imaging examinations, including those of the retroperitoneal and whole body lymph nodes and thalamic region, indicated a diagnosis of IgG4-RD, which required further differentiation from HES secondary to IgG4-RD. According to the diagnostic criteria for IgG4-RD proposed by the Japanese G4 team in 2012 (16) (Fig. 4) , a consensus has been reached on two essential diagnostic criteria: i) serum IgG4 concentration >135 mg/dl and ii) IgG4+/IgG+ plasma cells >40% and >10 IgG4+ cells per high-power field of biopsy samples. Storiform fibrosis and obliterative phlebitis may be clearly identified in pancreatic, biliary tract and retroperitoneal lesions, but are rarely observed in the salivary glands or lymph nodes. The patient was highly suspected to have IgG4-related lymphadenopathy, due to the presence of enlarged lymph nodes and results of biopsy.
IgG4-related lymphadenopathy is characterized by diffuse lymphoplasmacytic infiltration, an increased percentage of IgG4 (+) plasma cells and fibrosis and should be tested for reactive lymphoid hyperplasia, Castleman's disease, inflammatory pseudotumor and angioimmunoblastic T cell lymphoma (17) . Furthermore, IgG4-related lymphadenopathy may be characterized into five histological subtypes: Multicentric Castleman's disease-like, reactive follicular hyperplasia-like, reactive follicular hyperplasia, progressively transformed germinal center-type and inflammatory pseudotumor-like IgG4-related lymphadenopathy (18) . The first two subtypes are characterized by systemic lymphadenopathy, while the last three subtypes primarily involve local lymph nodes (19) . Based on the infiltrative patterns of IgG4-positive cells, IgG4-related lymphadenopathy can also be divided into interfollicular plasmacytosis and germinal center types (20) . Additionally, the diagnosis of IgG4-related lymphadenopathy requires awareness and a high index of suspicion regarding unexplained lymphadenopathy with scattered EOSs and numerous plasma cells (20) . In the present case, histological results were not specific to IgG4-related lymphadenopathy due to a lack of fibrosis. However, the abundant infiltration of plasma cells and EOS prompted a careful diagnosis. Immunohistochemical studies are also important in the pathological diagnosis of IgG4-RD (21) . In the present case, the ratio of IgG4/IgG was increased to 50%, which supports the diagnosis of IgG4-RD. Blood plasmablast concentrations may be more meaningful than serum IgG4 levels for the diagnosis of IgG4-RD (14) . Additionally, a study by Wallace et al (22) observed that patients with IgG4-RD exhibited markedly increased total plasmablast counts (median: 4,698/ml; range: 610-79,524/ml), which was also evaluated in the current patient (4,110/ml, positive predictive value: >2,000/ml), thus verifying that plasmablast counts are a potentially useful biomarker for the diagnosis of IgG4-RD. Considering these previous findings and the present clinical data, it is probable that the patient of the present study had IgG4-RD.
The high level of IL-6 also caused difficulty in the diagnosis of the patient, as this is an indicator of Castleman's disease. However, he did not present other associated symptoms, including hypoproteinemia, hypocholesterolemia, anemia and increased C-reactive protein (CRP) levels (23), which did not support the diagnosis of Castleman's disease. IL-6 is a type of a multifunctional cytokine that may regulate the immune and stress responses, haematopoietic function and bone metabolism (23). Masaki et al (24) reported that serum IL-6 was an important tool for differential diagnosis between Castleman's disease and IgG4-RD. However, in a study by Sato et al (25) of 9 patients with IgG4-RD, two patients exhibited slightly increased levels IL-6; however lacked increased CRP levels and were responsive to hormone therapy. Another study by Yokoyama (26) documented that increased IL-6 levels (>25 pg/ml) were present in 7% of healthy subjects, which indicated that levels of IL-6 may vary among individuals (25) . Furthermore, it is difficult to identify IgG4-RD and Castleman's disease when the IL-6 titer may undergo random fluctuations (27) .
Nakamura et al (27) reported a patient with increased IL-6 levels of up to 83.5 pg/ml and complications of IgG4-RD. They also proposed an improved diagnostic criteria for IgG4-RD (Fig. 5) , which was based on a study performed by Umehara et al (16) . The present case was highly suspected to be IgG4-RD according to the modified criteria.
IgG4-RD is typically observed in older patients, with a median age of onset of 50 years old (28) , though a number of studies have reported cases in children . While no retrospective study has been reported to date, Karim et al (52) recently reviewed published data and performed a systematic literature search of IgG4-RD in pediatrics. The median age of onset was 13 years (3 to 17 years old) and 64% of patients were girls. IgG4-RD in children is potentially the same as in adults, primarily affecting the orbit, lymph nodes, salivary tract and pancreas (52, 53) . The percentage of pediatric patients with elevated serum IgG4 levels was 70%, which is similar to that in adult patients (30-50%) (54) . However, the positive predictive value of serum IgG4 is limited. The present diagnosis also required histological observations, assessment of clinical symptoms and serological and radiological observations. The first choice therapy for pediatric IgG4-RD is prednisone, however, no consensus on the dosage has been reached. For cases not responding to prednisone, disease-modifying antirheumatic drugs, including mycophenolate mofetil, azathioprine and methotrexate have demonstrated efficacy in some patients (38, 45, 47) . Idiopathic HES is rare in children and a limited number of cases have been reported (55) (56) (57) . The true incidence is unknown and data on the efficacy of treatment regarding the response and survival of patients is also insufficient (55) . Pediatric HES has been reported to have a slight male prevalence (56) , though a recent study by Williams et al (57) observed that the female/male occurrence ratio was increased to 23/9 (57). Additionally, they documented that children with HES typically exhibit higher peak EOS counts than adults. Presentation of HES is variable, though fever, arthralgias and rash were common presentation symptoms (57) . In pediatric idiopathic HES, pulmonary and cardiac involvement may be the most common clinical manifestations (55) . However, in the current patient, there was no specific clinical presentation except painless and enlarged lymphoma.
Treatment strategies are based on the disease severity. Prevention of organ dysfunction and reductions in EOS count are priority and corticosteroids are recommended as the first-line therapy for HES (5) . To the best of our knowledge, no published data has demonstrated a relationship between HES and IgG4-RD in children, whereas several studies (58-61) have described a potential correlation between these two illnesses in adults.
Previous studies have reported that an immune reaction mediated by T helper (Th) 2 cells is predominant in IgG4-RD (62) , which may contribute to disease pathogenesis (63, 64) . However, Th2 memory cells have not been detected in a large number of individuals with severe IgG4-RD, despite the patients didn't having undergone immunosuppressive therapy (62) . Therefore, a Th2 immune response in IgG4-RD may not represent a fundamental feature of IgG4-RD but rather a potential phenomenon or process (62) . Additionally, cytokines IL-4, IL-5 and IL-13 that are secreted by Th2 cells may induce the transition between IgG and IgE and promote the release of PBEs (65) . A recent study evaluated a large cohort of IgG4-RD patients exhibiting multiple organ involvement and indicated that processes inherent to IgG4-RD itself rather than atopy may contribute to eosinophilia and IgE elevation (66) . The median count of EOS in IgG4-RD was 641 cells/µl (ranging between 40 to 1,500 cells/µl) (66) , which differs to that of the current patient (2,940-12,600 cells/µl). Thus, combined with the pathological observations and clinical features, a diagnosis of IHES was more probable. (27) . IgG4-RD, immunoglobulin G4-related disease; AIP, autoimmune pancreatitis; MCD, multiple Castleman's disease; IL, interleukin; HPF, high-powered field.
Hypereosinophilia and high levels of IgE may cause T-reg cells to secrete IL-10 and tumor growth factor β and increase the serum titer of IgG4 (67) . IL-10 is often overexpressed in IgG4-RD (68) . Furthermore, hypereosinophilia and IgG4-RD can occur at the same time (58) . In the current patient, increased levels of EOS and serum IgG4 were concurrent with a low titer of IL-10, which indicated that elevated IgG4 was not simply due to HES. To date, the correlation between HES and IgG4-RD remains unclear (14) . A study by Tabata et al (69) reviewed 554 IgG4-RD patients who had their IgG4 levels measured and 2/16 patients with HES exhibited an increased serum titer of IgG4. Although the author did not confirm the diagnosis of IgG4-RD in the two patients, one of them was sensitive to hormone therapy.
Existing data on the concurrence of HES with IgG4-RD is rare. Nagao et al (59) reported a patient with lymphoproliferative variant HES who was highly suspected to have IgG4-RD, which was combined with an increased titer of TNF-α and IL-10. Aoyama et al (60) also reported a case of HES-related acute hepatitis caused by HES and associated with elevated serum IgG4 levels, which is similar to the results reported by Nagamura et al (58) . They concluded that HES associated with an elevated concentration of serum IgG4 is difficult to differentiate from IgG4-RD and a careful diagnosis based on clinical symptoms and pathological observations is required which is also agreed by Aoyama et al (60) . Clayton et al (61) hypothesized that in adults, eosinophilic esophagitis may be mediated by IgG4 and not an IgE-induced allergy. Existing data on concurrent HES and IgG4-RD lacks full support of the pathology. These data indicate that the association between HES and IgG4-RD remains unclear and further studies are required to focus on the mechanism between these two illnesses.
In conclusion, the present study described a case of HES with highly suspected IgG4-RD. However, due to insufficient pathological observations, a definitive pathological diagnosis of IgG4-RD could not be made. Nevertheless, the clinical presentation, immunohistochemical observations, abundant peripheral blood plasmablast and response to prednisone therapy confirmed the diagnosis. As IgG4-RD typically affects middle-aged and elderly males, published cases of IgG4-RD in children are extremely rare. Therefore, the present case serves as a reminder that IgG4-RD may occur in children and clinical doctors should not neglect the possibility of IgG4-RD in children.
